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Stimmairy

Ocean propagalion models were reviewed and a ray Iracing model w•, seIs ctd

for use in this research. An ray tracing program, TRIMAIN, W-as obtained and adapled

to calculale time delay differene-, dute to sound speed variation wilh depth in the ocean.

An imaging algorilhm was also olbtained and adlaple(l to inclilde time delay distortion

and lo employ dala covering a finite 1)lerlure wilh sparse sampling. Specially modified

source code was documented and Irtsraserred to the Naval Research l.ahoialory.

Maximum brightness, cross, correlation, and triple correlation techniques( for the

compensation of wavefront dilstortion were sludied and an oveiview witlh relcrcncc.s was

prepared. The propagation model and imaging algorilhm were use(d wilh available

measured scattering data to find image degradlation produceld by various combinatlions

of sound speed profile, measurcmenl aperture size, and spalial sampling rate. The recsul•s

indicate little degradation occurs when the spatial aperture is limited by the reliablc

acouslic palh and that image characlerislics may still bc recognized when thc spatial

sampling rate is significantly reduced.

Bwackgrund

A general objeclive of research underway in unilderwater sound is to improve

detection and classification of targets from their echoes since Ihe coionstiitus is thia1

improvements in present capabililtic arc holh desirable and possible. A basic

phenomenon that can limit ihe capability of present systems to (dletct and classify targets.-

is ihe wavefrmnl distortion that acouslic pulses undergo as, ihey propagale through ihe

ocean from the source to the receiver aperture. Improved characteriza•ion of wv7avefronl

distortion caused by fhe ocean is needed to develop larger aperture sonar systems that

allow increasedf resolution for classification of targets andi increased signal to- noise ratio

under practical conditions.



Acoutisc propagation in fihe occ.fl is a complicatedl process in which the(

shallowvness of thle ocean relative to propagalion distances of interest plays, anl important

role. During thle coursc of propagation, wvavefront dhistortion is ('ausedl by imiltiple pathls,

reflection fronm rouigh bouindaries, and~ depth- dependent sotiid speedl (1,2). Among thlese,

thle variation or sountd speedl with (leptilI alters, thle pathl of acoutisfc waves, by Cailming

wavef'ronts to bend and may alone limit target (letct ion aind classification.

Imaging is one approach to (Ictect and Classify targets. The prIoce.ss of imaging

can reveal a target flthough thle prfesence of reflect ions or all e(hiivalentf source at a1

parlicular location (3). The sht iclt tr of thlese Cail include info; mat ion fromn wh~ich target

classification can p~roceedl. H owever, thle presence of wvavetronti distort ion can, evenl

if (letect ion is possible, change thle appearance of thle e(lliivalent source and, I hereby,

prevent classification or resuilt in mnisclassificat ion.

Th-sks

This research has heen comprised of thle following tasks.

I. Survey current ocean propagation modlels andl make appropriate 5('efctiotis for

imnplementation.

2. Acquire appropriate propagation programs and (develop) suit able software

interfaces to target scattering mnodlls, signal convoluitionl, image al1got ithil andl

sulitable outiput.

3. Develop a-, suitable software interface to thle NRI scattering (alatbase.

4. Investigate the extent of degradationl (Inic to prop~agat ion effects ill a bistat ic

imaging sonar system.

5. Investigate thle utility of image reconsitruction techniquecs suich as maximum

brightness, cross correlation andl trip](- correlation on thle developedl bistatic

imaging sonar modIels.
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6. 11-ansfer compuiter codes, lo Naval Re'cach l.abhoralory Plhyvsical Acomi1.CIcs

Branch.
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